Objective. To translate the revised Michigan Diabetes Knowledge Test into the Arabic language and examine its psychometric properties. Setting. Of the 139 participants recruited through King Fahad Medical City in Riyadh, Saudi Arabia, 34 agreed to the second-round sample for retesting purposes. Methods. The translation process followed the World Health Organization's guidelines for the translation and adaptation of instruments. All translations were examined for their validity and reliability. Results. The translation process revealed excellent results throughout all stages. The Arabic version received 0.75 for internal consistency via Cronbach's alpha test and excellent outcomes in terms of the test-retest reliability of the instrument with a mean of 0.90 infraclass correlation coefficient. It also received positive content validity index scores. The item-level content validity index for all instrument scales fell between 0.83 and 1 with a mean scale-level index of 0.96. Conclusion. The Arabic version is proven to be a reliable and valid measure of patient's knowledge that is ready to be used in clinical practices.
Introduction
Diabetes mellitus, as defined by the World Health Organization [1] , is "a metabolic disorder of multiple aetiology characterized by chronic hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action or both." The International Diabetes Federation (IDF) has indicated that there are 415 million people with diabetes in the world and this number is expected to rise to 642 million by 2040. Conversely, only 12% of global health expenditure, estimated at a cost of US $673 billion, is directed toward diabetes [2] .
Saudi Arabia, according to data released by IDF, is one of the top five countries for the prevalence of diabetes in the middle-eastern and north-African regions, with 3.8 million patients with diabetes, which represents 23.9% of the population. This may be due to different cultural structures, active socioeconomic growth, and significant recent adjustments in lifestyle [2, 3] . Studies reveal that diabetes cost Saudi Arabia an estimated $9.4 billion in 2010, a figure that has been predicted to increase sevenfold to 6.5 billion by 2020 [3] .
Diabetes self-management education (DSME) is a critical approach that provides the foundation to assist people with diabetes to make a multitude of conventional selfmanagement arrangements and to perform multiple care activities. The primary intention of DSME is to encourage active self-care behaviour facilitating the knowledge, skill, and ability required for diabetes self-care [4] . Further, studies have reported that the utilisation of healthcare services and facilities decreases when people receive educational support compared with those who do not. DSME helps control HbA1c levels an effect that likewise results in significant healthcare savings [5] . The estimation of patient's levels of knowledge has been the cornerstone of medical assessment for many years. In 1998, the diabetes knowledge test (DKT) was validated and introduced as a reliable instrument for the expert evaluation of patients' general knowledge of diabetes [6] . Since then, the test has been used by diabetes researchers throughout the world and translated into multiple languages, such as Spanish, Greek, Navajo, Norwegian, Arabic, and Malaysian [7] .
The DKT is a 23-item instrument designed to assess patient knowledge of diabetes concerning diet, exercise, blood glucose levels, and testing and self-care activities. The first 14 items apply to all patients and the remaining nine items are relevant to those using insulin [8] . A 2011 review of the 1998 version of the DKT showed that the test was outdated and needed to be updated according to evidence provided by more recent literature [6] . The DKT has since been revised and modified based on current self-management education and practice standards and was renamed DKT-2 in 2016. No items were added to or withdrawn from the new DKT-2 and most modifications were minor. Seven items were adjusted to simplify the questions and answers, two items were modified to improve the grammar, and the last four items were changed to meet current national standards [6] .
The aim of this current study is to translate a valid version of the DKT-2 into Arabic and to evaluate the psychometric properties of this new Arabic version.
Methods
The translation of the DKT-2 was conducted in accordance with the WHO process for the translation and adaptation of instruments [1] . Professional translation and validation of texts are attained through several distinct steps, as shown in Figure 1 : forward-and back-translation, expert panel review, pretesting, cognitive interviewing, and psychometric evaluation.
Study Setting and Sampling
Procedures. This study was conducted in the Specialised Diabetes and Endocrine Centre in King Fahad Medical City (KFMC), which is one of the largest health care facilities in the Gulf region with a total capacity of 1059 beds. The centre consists of four hospitals and multiple departments providing tertiary care for all patients across the Kingdom of Saudi Arabia.
A convenience sample of 139 participants was identified between September and October 2015. Participants were required to meet the following inclusion criteria at the time of the study in order to be considered: (1) they were patients at KFMC, (2) they were at least 20 years old, (3) they had been diagnosed with type 2 diabetes (T2D), and (4) they were able to read and write in Arabic or English.
Procedure.
After providing informed consent, the recruited participants were asked to complete a questionnaire. The haemoglobin A1c (HbA1c) levels were obtained from medical records with permission of patients. A researcher was available to answer any questions arising from the questionnaire. To determine test-retest reliability, participants were informed that there would be a followup appointment in two weeks' time. In total, 34 participants completed the questionnaire twice. 
Process of Translation and Validation

Forward-Translation.
In the first stage, the DKT-2 was translated into Arabic for a fee by a professional independent translator. The translator was requested to retain the concepts, to use appropriate language to reach the broadest possible audience, and to comply with the WHO general guidelines [1] . The assignment was completed over five days and, with the return of the forward-translation, the first Arabic version was ready.
Expert Panel 1.
Researchers organized a panel group, consisting of five members including the original translator, experts in health, and experts experienced in researchinstrument adoption, according to WHO recommendations. The panel reviewed all related materials provided by the principal investigators along with the translation and were requested to identify and modify any inadequate expressions or concepts. Their recommendations were adopted for the DKT-2, including the phrases utilised in items one, two, three, four, and eight for non-US-patient populations. The expert panel discussed the individual words and expressions comprising each item and suggested alternatives. Each of the recommendations made by the panel members was considered, except for those that the majority of the panel were able to clearly justify dismissing. On the completion of this stage, the translated text was ready for back-translation.
Back-Translation.
The DKT-2 was sent to a second independent and this time native-English-speaking translator, who had not yet engaged in this process and who had no prior knowledge of the study, for back-translation into English. The job was completed and sent back to the researcher three days later. The back-translated version was remarkably similar to the original text with the exception of the sections recommended for non-US-patient populations.
Expert Panel 2.
For the second round of revision and modification, the researcher invited another bilingual panel group to assess the content validity index (CVI) and to prepare the final version of the Arabic DKT-2. As shown in Table 1 , committee members of both sexes were recruited with the majority of these experts being nurses; however, the sample also included a clinical educator, a clinical-research consultant, the head of diabetes education, and a translator. All worked at KFMC in Riyadh.
Content validity has been defined as "the degree to which an instrument has an appropriate sample of items for the construct being measured" [9] . CVI is the most broadly utilised index in content assessment. It consists of two characters: the item-level content validity index (I-CVI) defining the content validity of individual items and the scalelevel content validity index (S-CVI) determining the content validity of an overall scale [10] . Researchers confirm that an acceptable content validity has I-CVI of 0.78 or higher and proportionate unanimous approval or S-CVI/universal agreement (S-CVI/UA) of 0.8 or 0.9 or greater [11] .
Studies recommend that a minimum of three experts should engage in this task and that a 4-point scale should be employed to rate the items, with 1 = not relevant, 2 = somewhat relevant, 3 = quite relevant, and 4 = highly relevant [11] . The purpose of the use of CVI is to determine the cultural appropriateness and effectiveness of the DKT-2 Arabic version in measuring patient levels of knowledge in the Arabic-speaking population.
Statistical Analysis.
All statistical calculations were undertaken using the Statistical Package for the Social Sciences (SPSS v.23) software. Descriptive statistics were used to describe participant characteristics. Test-retest reliability ( = 34) was determined by the intraclass correlation coefficient (ICC) using a two-way, random form. ICC of 0.75 is considered an excellent level of test-retest reliability, rates between 0.40 and 0.75 reflect a good level of reliability, and rates of less than 0.4 indicate poor test-retest reliability [12] . Cronbach's alpha was used to evaluate the text's internal consistency; an acceptable Cronbach alpha score for internal consistency is 0.70 and above [13] .
Results
Participant Characteristics.
In total, 139 patients participated in the first round but only 34 (or 24%) were admitted to the second round. Demographic data reflected HbA1c level, age, gender, monthly income, level of education, time since T2D diagnoses, and number of diseases contracted. As shown in Table 2 , 51% ( = 71) of participants indicated poor levels of HbA1c-level control, 40.3% ( = 56) were between 18 and 30 years of age, 44.6% ( = 62) were males and 53.2% ( = 74) were females, 40.3% ( = 56) received less than SR$5000 per month, 41% ( = 57) held a bachelor degree, 44% ( = 61) had been diagnosed with T2D for more than 10 years, and 38% ( = 53) had more than one disease.
Reliability and Validity of the Arabic DKT-2.
The Arabic DKT-2 received an internal consistency score of 0.75, which is within the recommended range of Cronbach's alpha test [7] . The outcomes of the test-retest (see Table 3 ) revealed excellent instrument reliability with a mean ICC of 0.90 [12] . The content validity analysis presented in Table 4 depicts the I-CVI for all instrument scales as between 0.83 and 1 and a mean S-CVI of 96, indicating strong agreement between the two versions. According to Lynn [14] , the I-CVI should be no lower than 0.78 or 0.80 for the S-CVI to be judged acceptable.
Discussion and Conclusion
This study sought to evaluate the translation of the DKT-2, the most commonly used instrument for determining knowledge of diabetes care and management, from English into Arabic [7] . The results demonstrated that the Arabic DKT-2 questionnaire is an acceptable cross-cultural research instrument as shown in the following list which could be used in Saudi Arabia. It was a challenge to translate this text into another language taking into consideration cultural differences [15, 16] . The translation and validation process followed the recommendations of WHO for the translation and adaptation of instruments [1] , which included forwardtranslation conducted by an independent translator followed by a systematic panel meeting to discuss the translation's quality and modify the instrument in keeping with WHO's guidelines. The next step required another independent translator to perform a back-translation before a third version of the Arabic DKT-2 was produced and, finally, another panel met to discuss the CVI and translation outcomes. This panel reported that the I-CVI for all instruments was between 0.83 and 1, with a mean S-CVI of 96, indicating excellent agreement according to Lynn [14] . Statistical psychometric analyses determined that the DKT-2 received the acceptable result of 0.75 for its internal consistency (Cronbach's alpha test) as well as an excellent reliability ICC level of 0.90. Note. Two-way mixed-effects model where people effects are random and measures effects are fixed. a The estimator is the same whether the interaction effect is present or not. b Type A ICCs using an absolute agreement definition. c To achieve an estimate, this number is computed assuming the interaction effect is absent.
